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Hydrocephalus may result from narrowing or obstruction of the aqueduct of Sylvius by small tumours (Petit-Dutaillis et al., 1950) . The commonest neoplasm in this situation is an astrocytoma (Stookey and Scarff, 1936) , but angiomata (Graf, 1946) and lipomata (Beckett et al., 1950) have been described, as well as other lesions in the region of the quadrigeminal plate cistern such as aneurysms (David et al., 1951) and arachnoid cysts (Harrison, 1971) . Post-meningitis ependymitis may lead to similar aqueductal obstruction (Christensen, 1942) and other cases have been attributed to syphilis and tuberculosis (Globus and Bergman, 1946) .
The aetiology of cases not due to tumours or infection is controversial (Drachman and Richardson, 1961) . Russell (1949) described four types of abnormality-forking, septum formation, gliosis, and simple stenosis. She argued from the histological evidence, and from associated congenital anomalies, that the aqueduct stenosis was likely to be developmental in origin. This view has been shared by many workers (Globus and Bergman, 1946; Beckett et al., 1950) but also vigorously challenged. Drachman and Richardson (1961) described an important example in which forking occurred at one level of the aqueduct, and gliosis at another. They also suggested that the effects of inflammatory disease might have produced many of the changes described by Russell. Recently Williams (1973) has proposed that in many cases the aqueduct stenosis is due to passive collapse of the iter under the pressure exerted by distension 1322 of the lateral ventricles, and is therefore secondary to the hydrocephalus rather than its primary cause.
It is thus clear that a wide variety of pathological and pathophysiological changes may lead to obstruction of the aqueduct. Most examples occur in children and their recognition and surgical management are well described (Ingraham and Matson, 1954 The diagnosis had been made radiologically in each case, and in a few patients confirmation was obtained at exploratory craniotomy (seven patients) or at postmortem examination (12 patients). The radiographic criteria employed were in keeping with those outlined by Schechter and Zingesser (1967 Three patients developed symptoms suggestive of hypothyroidism, one after thyroidectomy for thyrotoxicosis, the others without precipitating factors. In all three the time of onset of the symptoms coincided with that of the other manifestations of their aqueduct stenosis.
Two patients developed obesity, one rapidly, the other in association with an abnormal distribution of body hair in late adolescence. One other patient described a marked increase in thirst and in volume of urine produced.
7. Epilepsy Eight of the patients had had epileptic seizures by the time of admission, and in five epilepsy was the reason for referral. In two cases attacks of temporal lobe origin occurred; one had focal sensory attacks, and six had grand mal seizures. Three of the five patients presenting with epilepsy had no other symptoms; one had epilepsy and acute weight gain, and one had endocrine and visual problems. Three had no physical signs at the time of admission, highlighting the difficult diagnostic problem posed by these patients.
8. Incontinence Seven patients described disturbances of urinary sphincter control, amounting to incontinence in six and frequency and urgency in the absence of infection in one. Faecal incontinence occurred in one patient. In two of the patients there was no associated mental impairment.
PHYSICAL SIGNS The commonest findings on examination were of mild intellectual deterioration, papilloedema or optic atrophy, reduced visual acuity, ataxia, and bilateral pyramidal tract signs. (Swash, 1974 The commonest abnormality, which occurred in 13 cases, was the presence of intermittent bilateral synchronous episodes or bursts of slow wave activity, usually in the delta range. These were usually bifrontal in distribution and of medium or high voltage. They were usually reported as indicating a disturbance of midline structures and are identical with the changes in other conditions in which brain-stem structures are affected by lesions causing increased intracranial pressure.
Radiology Plain skull films had been taken in 53 cases. Six were reported on as normal. Fortytwo (76%) were thought to show the effects of 'chronic raised intracranial pressure'. In three cases the skull vault appeared larger than normal, and in one the small size of the posterior fossa was noted. An abnormality of the pituitary fossa was noted in 25 instances. In two patients the fossa appeared long and shallow, in the other 23 (42%/) the sella turcica was 'enlarged'.
The characteristic abnormality of the sella turcica in benign stenosis of the aqueduct has recently been described by Du Boulay and Trickey (1970) . The sella shape is abnormal with a short dorsum sellae, and a long steep anterior wall. This abnormality was probably at times what was being described in previous papers (and in early cases in this series), as 'enlargement of the sella'. Du Boulay and Trickey found that the non-specific effects of raised intracranial pressure were never the sole abnormalities in the skull films of patients with aqueduct stenosis.
Angiography Carotid angiography had been carried out in 13 patients. In each case, there was evidence of enlargement of the lateral ventricle.
No other abnormality was reported.
Vertebral angiograms had been performed in three cases. Two were reported as normal. In one patient the basilar artery was noted to be flattened against the clivus.
Pneumoencephalography Sixteen patients had lumbar pneumoencephalograms; air failed to enter the ventricular system in six instances. In 10 cases air outlined a fourth ventricle of normal size and configuration. There was no evidence of lateral shift of the fourth ventricle in any case, and no evidence of a mass lesion. In one patient a small amount of air passed up a narrowed aqueduct.
Ventriculography Twenty-eight patients were studied by pneumoventriculography alone, 10 with iodophendylate (Myodil) ventriculography alone, and in 15 both air and Myodil were used. In every case symmetrical enlargement of the lateral and 3rd ventricles was demonstrated. The posterior end of the 3rd ventricle was outlined in each case and the aditus of the aqueduct visualized. Varying abnormalities were reported from a blunt obstruction to a tapered stricture. The wall of the upper aqueduct showed no irregularity, and the aqueduct was not displaced from the midline. In one case a small amount of Myodil finally passed down a narrowed aqueduct.
DISCUSSION
This study as well as previous smaller series, demonstrates that the clinical manifestations of benign aqueductal stenosis not infrequently arise for the first time in adult life (Paine and McKissock, 1955; Friedmann, 1964; Wilkinson et al., 1966) . The length of the history is often very striking, a measure of the mild nature of the symptoms in many patients. Some cases have been described in which hydrocephalus associated with aqueduct stenosis had occasioned few if any symptoms, and was an unexpected finding at necropsy (McHugh, 1964) . Some patients who gave a short history had evidence that their hydrocephalus had been longstanding. Thus one patient who became confused and ataxic after a fall had optic atrophy, and radiographs of the skull showed marked erosion of the dorsum sellae. Sudden changes in cerebrospinal fluid hydrodynamics may cause a breakdown in borderline compensation of partial obstruction (Shelden et al., 1930) , and so precipitate clinical deterioration. Very short histories of raised intracranial pressure and of sudden death are both described (McHugh, 1964) .
Our study adds no new information about the aetiology of this condition. There was no evidence of a preceding illness. Experimental studies have demonstrated that gliosis of the aqueduct may follow mumps infection in the suckling hamster, in the absence of any overt acute infection (Johnson et al., 1967) . While a similar neonatal infection may be involved in human cases, no evidence has been produced in favour of this hypothesis.
It remains possible that some of our cases are harbouring undetected neoplasms. The radiological distinction may be impossible. Schechter and Zingesser (1967) found one case with an apparently non-neoplastic aqueduct stenosis which had, at necropsy, a small astrocytoma blocking the aqueduct. The rigid criteria adopted, the negative explorations, and the length of the follow-up make it unlikely that a significant number of our cases are due to such causes.
The study of the symptoms revealed that headache, visual failure, mental dulling, and episodic ataxia or falls form a characteristic complex. The headache often had the features of intermittent raised intracranial pressure (Kelly, 1951) . Nausea and vomiting often accompanied bouts of headache and in a few cases loss of awareness or coma followed (Wilkinson et al., 1966) .
The prevalence of visual failure was striking, and has received insufficient attention in the past. Asymmetrical reduction in visual acuity was frequently encountered and found to be associated with optic disc pallor.
Blurring of the optic discs was also common. The optic atrophy did not always have the appearances of consecutive atrophy however, and the occasional occurrence of visual field defects (Lassman et al., 1960) and the abnormalities of the pituitary fossa on plain radiographs suggest that direct optic nerve or chiasmatic compression occurs from the expanded anterior end of the hydrocephalic third ventricle (Sheldon et al., 1930) . Hypothalamic and pituitary damage from a similar cause presumably accounts for the occasional endocrine symptoms (Rhein, 1925) . Previous authors have noted the occasional occurrence of obesity, gynaecomastia, amenorrhoea, hypopituitarism (Sheldon et al., 1930) , and polydipsia and polyuria (Strauch, 1919) . The frequency of such symptoms in this series is similar to that noted by Paine and McKissock (1955) . Anosmia may also result from hydrocephalic distension of the anterior end of the third ventricle with pressure on the olfactory bulb (Rhein, 1925) .
Drop attacks or unexpected staggering or falls were common. These are thought to be due to sudden changes in pressure relationships as may occur with colloid cysts of the third ventricle (Kelly, 1951) .
The cerebellar signs are more difficult to understand. Compression within the posterior fossa has been suggested (Jakubowski and Jefferson, 1972) , but there has been little pathological information on which to decide this point.
Mental changes were common on inquiry, and testing revealed slight impairment of memory in almost half the group (Friedmann, 1964) . The changes were obtrusive in only a few, but these are important cases as aqueduct stenosis must be included in the differential diagnosis of dementia.
Bilateral pyramidal tract signs and even spastic paraparesis may be seen in these patients as in others with hydrocephalus (McHugh, 1964) . The involvement of pyramidal tract fibres has usually been attributed to stretching around dilated ventricles (Yakovlev, 1947) , but there has been no direct pathological confirmation for this.
Epilepsy occurred in 15% of the group. Greitz et al. (1971) recently reported a similar prevalence (18.5%). In both these series grand mal fits predominated but focal seizures also occurred. It is of clinical importance that in some instances there were no other symptoms and no abnormality on full neurological examination.
In the investigation of these cases plain skull radiographs provide information of diagnostic value in the great majority (Du Boulay and Trickey, 1970) . The findings on ventriculography are well described in the detailed study of Schechter and Zingesser (1967) and the present series adds nothing to their account.
The surgical management of these cases will be discussed elsewhere (Uttley et al., in preparation) .
